Solvent extraction of alkali and alkaline earth cations with crown ethers has been a matter of great interest in the last thirty years from the fundamental 1,2 and applied point of view. 3 -5 The complexity of the systems, considering that cations, counter ions and ligands are partitioned between both phases, and that there are association reactions between them in both phases, has led to the publication of a number of papers where the equilibrium constants involved are determined and different extraction mechanisms are proposed. 6 -11 From the applied viewpoint many attempts are performed to improve selectivity, rate and extractability of the ligand used. Synthesis of new crown ethers are currently developed varying the size of the cavity, the number of crown moieties and the lipophilicity of the extractant molecule by the addition of aryl or alkyl substituents to the outer sphere of the macrocycle. 5, 12, 13 Theoretical calculations are also performed in the design of new ionophores for extraction. 14 It is also known that the formation of the crown complex is dependent not only on the structure of the crown itself, but also on the anion involved in the extraction process. 15 The addition of proton ionizable moieties in the side chains is also attempted to provide the necessary anion for extraction. [16] [17] [18] In consequence, it becomes of fundamental relevance to understand the whole process including ion pair formation with a counter ion, and the role that this counter ion plays in efficiency (extent, rate and selectivity) of cation extraction. 19 Spectroscopic techniques have been mainly used to investigate the nature of the process, including the thermodynamics of the equilibria involved, that is, complex formation, distribution of ligands, ion association, ion transfer, etc.
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More recently electrochemical methods have become useful to understand the principles which characterize the transfer of ions across liquid-liquid interphases. 20 As the potential applied and the circulating current are a measure of the hydrophobicity and of the amount of the transferred species, it is possible to use this methodology to analyze the efficiency of the extraction process.
The aim of the present paper is to investigate the influence of the counter ion employed when alkali cations are extracted into 1,2-dichloroethane (DCE) as the corresponding dibenzo-18-crown-6 (DB18C6) complexes. Picrate (Pi -) and 2,4-dinitrophenolate (DNP -) were selected as they have not only different hydrophobicity but also different acid-basic properties (pK a HPi =0.38 and pK a HDNP =3.94). Extraction constants (K ext ) were measured by using CV applied to four-electrodes systems and spectrophotometry. The efficiency of electrochemical techniques applied to liquid interphases to obtain K ext is analyzed.
Experimental
The experiments were performed using two different procedures, (a) and (b), both including extraction and analysis stages.
(a) Extraction: equal volumes of organic and aqueous solutions were stirred in a stoppered flask for 60 min. The organic phase (OP),1,2-dichloroethane (DCE) Merck, contained DB18C6 (L) Fluka, at (C L ) concentration between 1×10 -3 M and 5×10 -3 M and tetraphenyl arsonium dicarbollyl cobaltate (TPADCC) 1× 10 -2 M prepared as described in the literature. 21 The aqueous phase (AP) contained MCl (M=Na, K, Rb, Cs) Merck 1×10 -2 M, LiOH Merck so that pH=11.0, and either picric acid (HPi), Fluka, or 2,4-dinitrophenol (HDNP), Merck, 1×10 -3 M. Analysis: after the extraction, two aliquots of the OP were optically and electrochemically analyzed.
For the optical analysis 3 ml of the OP were put into contact with 0.5 ml of aqueous phases containing LiCl 1×10 -2 M at different pH values (1.0, 4.2, 11.0) inside the quartz cell and the spectra of the OP recorded at different times during the re-extraction process.
For the electrochemical analysis 3 ml were put into contact with an aqueous phase containing LiCl 1×10 -2 M (pH=4.2) and a voltammogram recorded (Li + is not transferred by DB18C6 in the potential range analyzed).
(b) Extraction: it was performed in a similar way but with the organic phase volume 2.5 times the aqueous phase volume and CA -=1×10 -2 M.
Analysis: the aqueous phase was spectrophotometrically analyzed and the amount extracted was calculated by the difference in the A -absorbances. The optical analysis were performed using a Shimadzu UV-1601 recording spectrophotometer.
The electrochemical experiments were performed in a four-electrode system using a conventional glass cell of 0.25 cm 2 of interfacial area. Two platinum wires were used as counter-electrodes and the reference electrodes were Ag/AgCl. The reference electrode in contact with the organic solution was immersed in an aqueous solution of 1×10 -2 M tetraphenyl arsonium chloride (TPACl) (Merck p.a.). The potential values E reported are the applied potentials which include ∆φ o tr =0.364 V for the transfer of the reference ion TPA + . Cyclic voltammetry was performed using a potentiostat which eliminates the IR drop automatically by means of a periodic current-interruption technique. 22 An LyP Elect. Arg. waveform-generator and a BAS X-Y recorder (Model MF-9044) were also employed.
Determination of K ext
Equilibrium constants correponding to the extraction process: 
) allows to calculate the extraction constant K ext and the complex stoichiometry. Figure 1a shows the voltammetric profiles for HA 1×10 -3 M in the aqueous phase at pH=11.0. The transfer of Pi -at higher positive potentials than the DNPtransfer indicates its higher hydrophobicity. The voltammograms obtained are independent of the cation (M + ) used in the aqueous phase. In Fig. 1b and 1c the well known UV-visible spectra in water and in DCE of HPi and HDNP respectively are depicted. In the case of HPi (Fig. 1b) in DCE a band at 348.0 nm is observed. In water, where Pi -is the main species, this band is shifted towards longer wavelengths (356.0 nm) and a shoulder is defined at approximately 420 nm. In Fig. 1c it can observed that for HDNP in DCE the maximum appears at the same wavelength as for HPi. The isosbestic point observed in water at 375 nm indicates the transformation of HA to A -as the pH is rised. Figures 2a and 2b show, respectively, the voltammetric (according to procedure (a)) and the spectrophotometric (according to procedure (b)) results of the extraction experiments when Pi -is used as A -. According to the transfer potentials (∆Φ tr ), it is possible to say that the observed processes (Fig. 2a) In other words, the shift towards higher λ as the cation extraction increases, indicates that as the ML interaction is stronger the ion pair energy ML + Pi -drops. 7 In Figs. 3a and 3b the results of the voltammetric and spectroscopic experiment when DNP -is used as anion are shown. In this case the extraction occurs to a much lower extent than with Pi -although the tendency found is the same.
Results and Discussion
It is important to point out that when Pi -is used, the extraction takes place with HPi initially present either in the organic or in the aqueous phase (pH=11.0). But absorbance and an increase in HDNP (o) absorbance. When pH=11.0 there is a decrease in both species absorbance (Fig. 4b) . 234 ANALYTICAL SCIENCES FEBRUARY 1998, VOL. 14 From these results the following scheme explains the interfacial process:
The return of HDNP to the OP after protonation in the AP ( in the scheme) also explains why extraction experiments cannot be performed by adding HDNP to the OP even if the AP is alkaline. As we stated, in the case of Pi -the extraction process takes place with either HPi in the OP or Pi -in the AP. It is important to notice that this difference between Pi -and DNP -behaviors cannot be due to the difference in acid-basic properties or hydrophobicity, but to a strong interaction of HDNP with DB18C6. 23 The extraction constants calculated according to Eq. (5) are listed in Table 1 . We found in all cases from the slope of the graph that the stoichiometry of the complexes is 1:1, so that the K ext corresponds to this complex. A very good agreement is found between voltammetric and spectrophotometric values. This agreement indicates that our assumption that the CV experiment is really giving information about the amount extracted, is true. Nevertheless, we performed the following spectrophotometric experiment to ratify this statement: two phases were put in contact inside the cuvette so that the beam passes through both the lower aqueous and the upper organic layer; 24 the OP was that obtained in the extraction experiment according to procedure (a) with DNP -as A -and K + as M + , and the AP was LiCl either at pH=1.00 or at pH=4.2. From the moment that both phases are brought in contact the process A (o) A -
starts. The spectra were recorded at different times. In Fig. 5 the result at pH=1.00 is shown. As at this pH value HA is the only species in the AP, only the decrease in absorbance at 463 nm in the OP is noticed (that is to say, at this λ there is no absorption in the aqueous side of the interface). The decrease in absorbance during the first 5 min indicates a decrease in concentration of less than 5%. At the pH value of the CV experiment (pH=4.2), it is difficult to tell how much the decrease in concentration in the organic side of the interface is, because at this pH value DNP -is also the main species in water, and its maximum absorption takes place at 430 nm. Thus, only a slight decrease and a shift towards lower λ is detected.
It is interesting to discuss the K ext calculated for Cs + . In this case, the spectrophotometric results obtained after the extraction process indicate stoichiometry 1:1. But when an extra amount of DB18C6 is added to the OP resulting from the extraction, a shoulder at longer wavelengths (390 nm) is observed, indicating a different stoichiometry. 11 Notice that in the spectra shown in Fig. 3 , the shoulder is not present.
In addition previous electrochemical results obtained in our laboratory 25 indicate that Cs + can form different complexes (1:1, 1:2 and 2:3) at the water/DCE interface depending on the experimental conditions. This could be the reason to obtain a lower voltammetric K ext value than the one expected. Although the complex present in the bulk of the OP is 1:1, during the CV experiment two transfer processes corresponding to interfacial complexes of different stoichiometries can be distinguished.
When DNP -is used, a good correlation between both techniques is also observed. In this case K ext values are lower than those obtained with Pi -. It is worth noting that the extracted amount of Na + can be neither spectrophotometrical nor voltammetrically measured.
Finally, using the K ext calculated in presence of Piand considering the following thermodynamic cycle for the extraction process: we calculated the ion-pair (ML + A -) constants K IP : logK IP =-0.72(Na), -3.70(K), 0.057(Rb) and 1.08(Cs).
It is important to observe that the tendency found is opposite to the tendency in K st . This result is in agreement with the shift observed in the spectra towards higher wavelengths for KL + , that is, the stronger the complex the weaker the ion pair.
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